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Abstract. Online rapid three-dimensional reconstruction is widely applied in virtual reality, 
heritage preservation, bio-engineering and architectural fields. The error caused by image quality 
or manual import is the main reason for the low quality of model details when applying current 
reconstruction methods while meeting the time premise. To solve this problem, the paper 
proposes a fast and smooth carving algorithm for online 3d reconstruction by joining the filter. 
By applying the method, you can get a more realistic and smooth three-dimensional 
reconstruction results. First, we convert the input point cloud to meshes through Delaunay 
tetrahedralisation. Then we reconstruct the model with the space carving algorithm with the filter 
to obtain the result. The experiment result shows our method exceeds existing methods while 
meeting the time constraints under the premise at the same time. 
Introduction 
Three-dimensional reconstruction of objects in the field of digital media has a basic role is 
widely used in mechanical processing, virtual reality, heritage preservation, costume design, 
medical diagnosis, bio-engineering and architecture fields. Online three-dimensional 
reconstruction process constraints of time, it pays more attention to the time cost of the modeling 
process and real-time requirements. Three-dimensional model based on two-dimensional image 
reconstruction refers to the use of a different time, different angles of the two-dimensional image 
reconstruction of objects in three-dimensional model of the process, is currently fast 
three-dimensional reconstruction of the main form. 
Early rapid three-dimensional reconstruction is mainly based on static images. The earliest 
attempts [1] to solve the reconstruction problem posed the solution using image matching. They 
designed some of the basic algorithm to solve the 2-D disparity field which describes the 
differences between the two images. But this reconstruction process can’t meet the time 
constraints of the fast reconstruction because of its computationally intensive; A second class of 
algorithms have focused on using Euclidean representations for space and the reconstruction of 
the tetrahedron is more realistic[2,3], while it is notoriously difficult to automatically recognize 
and describe the graph using this method; A third class of algorithms are the volumetric 
representations, which may use voxels or level sets[4] , but these algorithms still can’t meet the 
rapid requirements. Meanwhile the algorithms listed above ignored some standardizing 
conditions, which leads to the inference to the results. Broadhurst et al. proposed a new 
probabilistic framework for Space Carving which was a better solution of usage scenarios. 
However, one difficulty with this algorithm is that if a voxel is removed in error, the algorithm 
will punch a hole all the way through the model. This erroneously removes further voxels, which 
may lead to a cascade effect. Further we can’t get the correct reconstruction result. [5] 
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Online three-dimensional reconstruction based on the dynamic video image information is a 
hot topic in recent years. Newcombe et al. implements a system to obtain an approximate but 
smooth base mesh generated from the structure from motion (SFM) to process dense 
reconstruction[6]. Shuda Yu et al. present a method to reconstruct a surface from images of a 
scene taken by an equiangular catadioptric camera [7]. Firstly, the camera parameters and a 
sparse cloud of 3d points are simultaneously estimated. Secondly, a triangulated surface is 
robustly estimated from the cloud. But the details of their reconstruction model were reflected 
inadequately and roughly. Qi Pan et al. developed online real-time three-dimensional 
reconstruction system called ProFORMA[8], which constructs a 3D Delaunay triangulation, and 
it carves free-space via a probabilistic voting scheme which obtains a smoother mesh. More 
recently, Lovi et al. realized the similar functions, and their reconstruction is incremental [9]. 
Thus it is not suited for online operation on long image-sequences. However, these systems are 
more to pursue the reconstruction speed but attention to detail and quality, the quality of the 
reconstruction is mainly influenced by the environment, human operation error. Aim to the above 
problem, this paper developed a fast reconstruction algorithm based on space carving. The 
method reconstruct model from the point cloud, and then average the errors, so that the 
reconstruction results closer to the true scene model. Comparative experiment shows that the 
method described in this article to meet the time constraints under the premise of better than 
existing methods. 
A fast 3D reconstruction algorithm based on the visibility 
Three-dimensional reconstruction based on point cloud is to construct a three-dimensional 
model according to three-dimensional point cloud input. Figure 1 shows the all steps of 
reconstruction. Firstly, put into a series of three-dimensional points to simulate the model of 
virtual image and select a certain percentage of points as a key point. Secondly, they are 
converted into a mesh through a Delaunay tetrahedralisation. By the process of tetrahedralisation, 
we can recover the real scene of cloud point initially, but the model is extremely rough. There are 
a lot of triangles not fitting with real scene in the model. We can use space carving to remove the 
unexpected tetrahedron according to the visibility of the tetrahedron. The result of the 
reconstruction is showed in the Figure 1(c). 
   
a b c 
Figure 1. Process of fast 3D reconstruction algorithm 
Tetrahedralisation. At present, CGAL [10] and TetGen[11] are the most two mature methods 
of tetrahedralisation. This paper used the open source tetrahedral mesh automatic generation 
algorithm TetGen. TetGen[12] can implement constrained Delaunay tetrahedralisation on the 
three-dimensional to generate high-quality tetrahedral mesh. Meanwhile, it can expurgate the 
grid by inserting vertices on the grid. And then get the shape and size of the grid that is suitable 
for numerical calculation [13]. 
Space carving algorithm. One fast and efficient method of removing tetrahedron is by 
looking at visibility of landmarks. Landmarks can be chosen from visible key points. By 
detecting if the ray from the specific landmark to the gravity of image in the camera intersects 
with the triangle to determine its visibility. Let   represent a triangle in the model, j the camera 
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plane with different views, k the landmark number and      the ray from the camera centre at 
keyframe j to landmark k. For each triangle in the model, the probability that it exists given the 
set of visible rays can be expressed as: 
𝑃𝑒𝑥𝑖𝑠𝑡(𝑇𝑖|𝑅𝑗 𝑘) =  ∏𝑃𝑒𝑥𝑖𝑠𝑡(𝑇𝑖|𝑅𝑗 𝑘)
𝜇




Intersect(𝑇𝑖 𝑅𝑗 𝑘) =  {
1      𝑖𝑓 𝑅𝑗 𝑘 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑠 𝑇𝑖
0                     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (2) 
Let u represent the set of all rays with indice pairs ( j, k) for which landmark k is visible in 
keyframe j. Let x = 0 be defined at the intersection of      and   , and let x be the signed 
distance along     , positive towards the camera. If       (  |    ) = 0, the hypothesis that    
exists cannot be accepted, and the tetrahedron containing    should be marked for removal. 
Otherwise,    exists is accepted. As the reconstruction process will produce some interference 
and error, we add a linear filter and a quadratic filter in the reconstruction process in order to 
reduce this error. We can get a new formula for judging triangles’ existence: 
𝑃𝑒𝑥𝑖𝑠𝑡(𝑇𝑖|𝑅𝑗 𝑘) =  ∏𝑃𝑒𝑥𝑖𝑠𝑡(𝑇𝑖|𝑅𝑗 𝑘)
𝜇




Linear filter     (𝐿𝑘|𝑅𝑗 𝑘 𝑇𝑖) = {
∫ (𝑎𝑥 + 𝑏)𝑑𝑥
𝑙𝑘
−𝑡
      𝑖𝑓  𝑅𝑗 𝑘 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑠 𝑇𝑖
1              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 
(4) 
Quadratic filter    (𝐿𝑘|𝑅𝑗 𝑘 𝑇𝑖) = {




1                                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 
(5) 
Algorithm analysis. We can obtain the existence of triangles under two filter conditions 
according to formula (4), (5). If  e  st(  | )  0 1, triangle is existed, or it should be marked for 
removal. Let t represent the width of the function graph. The carving function takes a (surface) 
triangle as input, once the ray intersect with the triangle and the triangle is removable according 
the calculation rule, the triangle marked for removal, and the function returns. If a triangle is 
marked for removal, the tetrahedron which it belongs to will also be marked removal. We can 
obtain the actual scene of the model surface through judging all the triangles. Each edge in the 
model will marked removal if all the triangles it belongs to were marked removal. Each face in 
the model will marked removal if both the two tetrahedrons it belongs to were marked removal. 
More importantly, the key points we get while obtain landmarks from video or data we input may 
contain errors. Thus the points may not exist. The point will be marked removal if all 
tetrahedrons around it were marked removal, resulting in a more accurate 3D model. 
Experiment and Analysis 
This paper mainly discus the method of reducing the interference and error during the 3D 
reconstruction. In order to test the algorithm in this paper, we use some data model to simulate 
realistic reconstruction environment. We get the difference among the methods by comparing the 
various reconstruction results for the same 3D model. The reconstruction system was 
implemented on a machine with an Intel 3.0GHz Core(TM)2 Duo CPU. During the test, all 
processes are automatic except that when the structure of the scene is particular complex or there 
are serious errors during tetrahedralisation, this improves the efficiency of the reconstruction 
process and reduce the operator’s labor intensity. There are some results of three different 
carving algorithms as follow: 





Point cloud No filter Linear filter Quadratic filter 
Figure 2. Comparison of different reconstruction results 
Through simulating the errors and interference while reconstruct the real scene with 
Gaussian interference, we can find that the results of the quadratic filter is best from Figure 2. 
Carving space directly will cause some holes exist on the model surface because of some errors 
and interference while filter can ameliorate this situation. Figure 3 shows some reconstruction 
results: 
   
Figure 3. Comparison of reconstruction results of different models 
Table 1 shows us the comparison of the some automatic approaches mentioned in the paper 
that combine with slight manual operation. The tetrahedron number represents the number of 
tetrahedrons in the model after tetrahedralisation. The Face number represents the number of 
triangles in the model after tetrahedralisation. The carving time represents the time spent on 
removing the triangles not meet the real scene after tetrahedralisation, which is related to the size 
and the complexity of the model. 













1720 9417 19094 1.55 2.30 1.97 
1207 7084 14062 0.85 1.01 0.97 
1193 6523 13259 0.74 0.95 0.92 
Conclusions 
Online 3D reconstruction algorithm based on space carving in this paper is to research the 
method of reducing interference and errors during the reconstruction. Averaging method helps us 
to solve this problem. Online 3D reconstruction algorithm based on space carving has extensive 
application value. It is useful in machining, virtual reality, cultural relic protection, costume 
design, medical diagnosis, bioengineering, architecture and so on, especially in some condition 
that need get real scene model quickly. The cost of complete automation is scope of application; 
the efficiency and accuracy of the reconstruction depend on people’s operation and working 
condition to a certain extent. So adding the human-computer interaction into the system, we can 
make the result of the reconstruction more accurate by the timely adjustment of timely feedback 
to the user. At the same time, it can increase the reliability and pertinence of reconstruction. 
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